The prevalence of persistent diabetic macular edema (DME) after months of anti-vascular endothelial growth factor therapy and its effect on visual acuity are unknown.
endothelial growth factor (VEGF) therapy, with or without macular laser treatment, is superior to laser treatment alone for improving vision and decreasing retinal thickness in eyes with center-involved diabetic macular edema (DME) and vision impairment. However, not all eyes in these studies manifest complete resolution of DME during follow-up despite anti-VEGF treatment and focal/grid laser. In the Diabetic Retinopathy Clinical Research Network (DRCR.net) study, approximately 40% of eyes receiving ranibizumab injections with prompt or deferred focal/grid laser had a central subfield thickness ≥250 microns on time domain (TD) optical coherence tomography (OCT) at 2 years. 5 Treatment protocols in this study, 1,5 as well as another, 3 allow a treating ophthalmologist to observe eyes with stable DME without additional anti-VEGF treatment despite the absence of complete resolution of DME after multiple injections. These findings suggest that physicians treating patients with ranibizumab may have many patients with persistent DME despite previous months of repeated anti-VEGF intravitreous injections. To further our understanding of persistent DME after many months of anti-VEGF therapy, including its prevalence over time and effect on visual acuity, the DRCR.net conducted a post hoc exploratory analysis of ranibizumab-treated eyes from a DRCR.net trial evaluating laser treatment, ranibizumab, and intravitreous triamcinolone for DME.
1
Methods
The methods for this trial comparing sham and prompt focal/ grid laser, intravitreous ranibizumab and prompt laser, intravitreous ranibizumab and deferred (≥24 weeks) laser, and intravitreous triamcinolone and prompt laser have been published in detail elsewhere, 1 with the complete protocol available online (http://drcrnet.jaeb.org/). The protocol and Health Insurance Portability and Accountability Act-compliant informed consent forms were approved by multiple institutional review boards. The study was performed from March 1, 2007, through February 28, 2014. In brief, principal eligibility criteria included eyes with DME confirmed by TD-OCT (Stratus; Carl Zeiss Meditec), CST of at least 250 μm, and a decreased bestcorrected electronic visual acuity letter score 6 of 78 through 24 (approximate Snellen equivalent 20/32 to 20/320) following a protocol refraction. Visits were every 4 weeks through the 52-week visit and every 4, 8, or 16 weeks thereafter, depending on the clinical course and treatments received. Injections were required every 4 weeks for the initial 12 weeks of the study and through 20 weeks if DME persisted. Thereafter, injections were repeated every 4 weeks if there was successive improvement in visual acuity (≥5 letters) or OCT (CST decreased by ≥10%) and visual acuity remained worse than 20/20 with a CST of 250 μm or greater. Otherwise, reinjection was at investigator discretion. Focal/grid laser was given with anti-VEGF therapy at baseline in the ranibizumab and prompt laser group. In the ranibizumab and deferred laser group, focal/grid laser was added at 24 weeks or anytime thereafter if there was persistent DME that was no longer improving with ranibizumab and there were areas of thickened macula where laser could be applied, either directly (focal) to microaneurysms or with grid to areas of thickening without microaneurysms. After the initiation of laser treatment within the trial, eyes could receive additional laser treatment every 4 months if edema persisted, and areas were identified in the macula where laser could be applied to thickened retina. Other treatments, such as intravitreous corticosteroids or other anti-VEGF agents, could not be considered unless failure or futility criteria were met. Failure criteria could be met after 6 months if there was a loss of 10 or more letters of visual acuity from baseline due to persistent DME no longer improving when complete focal/grid laser treatment had been applied with at least 13 weeks from the last laser treatment. Futility criteria could be met after 1 year because of persistent DME no longer improving when complete focal/grid laser treatment had been applied with at least 29 weeks from the last complete laser treatment.
The main focus of the present analysis is to evaluate OCT and best-corrected visual acuity changes beyond 24 weeks in the subgroup of participants with persistent macular thickening through 24 weeks despite receipt of at least 4 intravitreous ranibizumab injections required during this period. This analysis will determine how many of these eyes, referred to as the persistent DME cohort, manifest chronic persistent DME over time (Box). Eyes with persistent DME through 24 weeks were considered to have chronic persistent DME until they achieved a CST less than 250 μm and 10% or greater reduction relative to the 24-week study visit on at least 2 consecutive study visits subsequent to the 24-week visit. To increase the likelihood that eyes were correctly classified with respect to chronic persistent DME between the 28-and 52-week visits, all analyses excluded participants who missed more than 2 visits during this time. After excluding 65 eyes with a baseline CST less than 250 μm, fewer than 4 injections before 24 weeks, or missing more than 2 visits between 28 and 52 weeks, 296 of the 361 eyes randomly assigned to receive ranibizumab remained eligible for this analysis, 117 vs 179 of which were classified as the cohort with and without persistent DME at 24 weeks, respectively (eFigure in the Supplement). Participants were censored at the date of the prior annual visit if there were fewer than 4 visits between annual visits (the protocol required a minimal number of 4 visits between the annual visits). Four eyes that received alternative treatment for DME (eg, intravitreous corticosteroid injections) during
Key Points
Question: What was the outcome of eyes with diabetic macular edema (DME) persisting 24 weeks after initiating treatment with 0.5-mg of ranibizumab?
Findings: In this post hoc analysis of a randomized clinical trial, 40% of eyes with persistent DME at 24 weeks after initiating treatment with ranibizumab had chronic persistent DME through 3 years, and vision outcomes were only slightly worse than the 60% in which DME did not persist.
Meaning: Substantial (Ն2-line) vision loss is uncommon at 3 years despite chronic persistent DME after initiating ranibizumab treatment.
Results
Select baseline and 24-week characteristics of eyes with and without persistent DME through the 24-week visit are provided in Table 1 . Baseline CST and macular volume were greater in the eyes with persistent DME. The median (interquartile range [IQR] ) approximate Snellen equivalent visual acuity at 24 weeks was 20/40 (20/32-20/50) among the persistent DME eyes and 20/32 (20/25-20/50) in the eyes without persistent DME. Change in visual acuity from baseline to the 24-week visit was similar for the eyes with and without persistent DME Eyes with persistent DME through the 24-week visit had a similar number of injections from the 24-week to the 1-year visit, with a median (IQR) of 5 (3-6) injections regardless of whether the eye had chronic persistent DME or not ( Table 2) . Cumulatively, the median number (IQR) of injections by 3 years was 17 (12-26) and 16 (12-22) in those with and without chronic persistent DME, respectively. In addition, 25 of 40 study participants (62.5%) and 44 of 60 study participants (73.3%) with and without chronic persistent DME, respectively, received focal/grid laser from 24 weeks to 3 years (Table 2) , including 12 of 21 participants (57.1%) and 22 of 32 participants (68.8%), respectively, in the group assigned randomly to receive ranibizumab with deferred focal/grid laser.
Box. Definitions of Persistent DME and Chronic Persistent DME Persistent DME Eyes with OCT CST of 250 μm or greater (stratus OCT equivalence values) at all completed visits through the 24-week visit despite receipt of at least 4 of the potential 6 protocol-mandated intravitreous ranibizumab injections during this period. In addition, to be included in this cohort, eyes missed no more than 2 visits between the 28-week and 1-year visits.
Chronic Persistent DME Eyes with persistent DME as defined above that have not yet achieved a CST less than 250 μm (stratus equivalence values) and 10% or greater reduction relative to the 24-week study visit on at least 2 consecutive study visits subsequent to the 24-week visit as of a given time point. Eyes with fewer than 4 visits between annual visits or that receive alternative treatment(s) for DME were censored.
Abbreviations: CST, central subfield thickness; DME, diabetic macular edema; OCT, optical coherence tomography. The Figure shows the probabilities of chronic persistent DME during the 3 years of follow-up in eyes with persistent DME through 24 weeks. At 1 year 81.1% (99% CI, 69.6%-88.6%) had chronic persistent DME, whereas by 3 years 40.1% (99% CI, 27.4%-52.4%) had chronic persistent DME. In the 40 eyes with chronic persistent DME through 3 years, the median (IQR) CST was 396 (347-474) μm at baseline and 278 (258-327) μm at 3 years.
Visual acuity improvement from baseline to 3 years (Table 3 ) averaged +10 (99% CI, +7 to +14) letters in all eyes with persistent DME at 24 weeks. The improvement was greater in the 60 eyes that did not have chronic persistent DME through 3 years (mean of +13 letters; 99% CI, +9 to +17; ≥10-letter gain in 36 [60.0%]; 99% CI, 42.6% to 75.8%; ≥10-letter loss in 2 [3.3%]; 99% CI, 0.2% to 14.6%) compared with the 40 who had chronic persistent DME through 3 years (mean of +7 letters; Abbreviations: DME, diabetic macular edema; IQR, interquartile range. a All eyes had baseline central subfield thickness of 250 μm or greater, at least 4 injections before the 24-week visit, and no more than 2 missed visits between the 28-week and 1-year visits. b Eyes meeting criteria for no DME at a given visit shift into the no column at that visit and remain there at subsequent visits. c Limited to participants completing the 1-year visit.
d Limited to participants completing the 2-year visit and having at least 4 visits between the 1-and 2-year visits and no nonprotocol treatment before 2 years. e Limited to participants completing the 3-year visit and having at least 4 visits between the 1-and 2-year visits, at least 4 visits between the 2-and 3-year visits, and no alternative treatment before 3 years.
Discussion
This exploratory analysis of eyes with persistent DME through 24 weeks after initiation of anti-VEGF therapy estimates that 40.1% (99% CI, 27.4%-52.4%) (Figure) will have chronic persistent DME through 3 years when following a visit and treatment schedule as was performed in this protocol. 1,5 Regardless of status by 3 years, vision in eyes that had persistent DME through 24 weeks improved from baseline to 3 years (+7 and +13 letters in those with and without chronic persistent DME through 3 years). A substantial number of eyes gained at least 10 letters (42.5% and 60.0%, respectively), whereas only a small number of eyes lost at least 10 letters (12.5% and 3.3%, respectively). Eyes that had resolution of DME for at least 2 consecutive visits between 24 weeks and 3 years appear to have better 3-year visual acuity outcomes compared with eyes that have chronic persistent DME through 3 years. However, because of the limited number of participants meeting the outcomes, we cannot conclude this definitively. These results were observed after a retreatment regimen in which injections were required every 4 weeks only if there was successive improvement in visual acuity (≥5 letters) or OCT (CST change of ≥10%) and vision remained worse than 20/20 with a CST of 250 μm or greater starting at 24 weeks after initiating ranibizumab treatment. Otherwise, reinjection was at Probability of Chronic Persistent DME, % investigator discretion. Regardless of DME status by 3 years, eyes that had chronic persistent DME through 24 weeks received a moderate number of injections by 3 years (mean total of 16 to 17 injections of a maximum potential of 39).
The visual acuity improvements for the eyes with chronic persistent DME at 3 years occurred in the setting of substantial decreases in retinal thickness that occurred during followup. Among these 40 eyes with chronic persistent DME through Abbreviations: DME, diabetic macular edema; IQR, interquartile range. a All eyes had baseline central subfield thickness of 250 μm or greater, at least 4 injections before the 24-week visit, and no more than 2 missed visits between the 28-week and 1-year visits. b Eyes meeting criteria for no DME at a given visit shift into the no column at that visit and remain there at subsequent visits. c Limited to participants completing the 1-year visit in the plus or minus 8-week analysis window (actual IQR, 49-54 weeks).
d Limited to participants completing the 2-year visit in the plus or minus 16-week analysis window (actual IQR, 99-107 weeks) and having at least 4 visits between the 1-year and 2-year visits and no nonprotocol treatment before 2 years. e Limited to participants completing the 3-year visit in the plus or minus 16-week analysis window (actual IQR, 145-165 weeks) and having at least 4 visits between the 1-year and 2-year visits at least 4 visits between the 2-year and 3-year visits and no nonprotocol treatment before 3 years.
3 years, the median baseline CST decreased from 396 μm (median IQR, 347-474 μm) to 278 μm (median IQR, 258-327 μm). Thus, in half of these eyes, only modest CST persisted at the 3-year visit, consistent with reasonable preservation of the mean vision in eyes with chronic persistent DME. Limitations of this analysis include the fact that starting at the 24-week visit, investigator discretion was permitted with respect to adding ranibizumab or focal/grid macular laser treatments if an eye had stabilized or reached failure or futility in terms of visual acuity and OCT CST. It is unknown how the treatment decisions that were made at investigator discretion affected the visual acuity and OCT outcomes reported. It also is unknown what would have happened to these eyes had treatment been discontinued at 24 weeks for those with persistent DME, including how many would have had resolution of DME over time just with observation over time or what the outcomes would be if other retreatment protocols were followed.
Other limitations include potential bias from censoring participants receiving alternative treatment, lost to followup, or too many missed visits. Those participants may have more medical issues and be at higher risk of chronic persistent DME and poorer visual acuity outcomes. Hence, the estimate at 3 years of 40.1% of those initially manifesting persistent DME continuing to manifest chronic persistent DME could be an underestimate. The estimate of chronic persistent DME may have alternatively been inflated by retaining eyes that missed visits at which edema might potentially have resolved.
Analyses were not performed on data available beyond 3 years because of small numbers in the subgroup with persistent DME. Furthermore, these analyses only evaluated whether eyes with persistent DME through 24 weeks had resolution of DME by 3 years or chronic persistent DME through 3 years but did not further subdivide resolved cases into those that maintained absence of DME vs those that had recurrence of centralinvolved DME due to numerous scenarios of resolution and recurrence at various intervals over time.
Although it would be interesting to compare the visual acuity results of the cohort that was the focus of this analysis with the remaining 179 eyes randomly assigned to ranibizumab treatment that did not have persistent DME through 24 weeks, such a comparison would be difficult to evaluate. The persistent DME cohort identified for this analysis had more severe DME reflected in thicker CST measurements at study entry, and the follow-up algorithm was based, in part, on CST changes, which may be affected by baseline CST. Thus, it becomes impossible to parse out the reasons for different outcomes of these cohorts. To reiterate, the objective of this analysis was to assess visual acuity in the long term in eyes for which DME persisted through 24 weeks.
The peer-reviewed literature does not contain a widely accepted definition of persistent DME or chronic persistent DME in the context of anti-VEGF therapy. Had a different definition been used for persistent DME or chronic persistent DME, the results of these analyses may have been somewhat different. Yet another limitation is that these analyses are subgroup analyses, which are exploratory in nature, so they should be viewed as hypothesis generating rather than hypothesis testing. Some of the strengths of the study include the prospective collection of data using standardized data collection and treatment protocols, which involved a large number of eyes treated with intravitreous ranibizumab for a prolonged period.
Conclusions
Developing treatment strategies to improve visual acuity outcomes among eyes with persistent DME despite repeated anti-VEGF treatment will require additional studies. For example, the DRCR.net is conducting a phase 2 trial in which eyes with persistent DME similar to those defined in this report are assigned randomly to continued anti-VEGF treatment vs combining anti-VEGF with intravitreous corticosteroid treatment. Even if the combination treatment does not lead to improved vision outcomes compared with the outcomes obtained when following the treatment regimen used in this trial, the current results suggest that the anti-VEGF treatment strategy used by the DRCR.net investigators resulted in long-term improvement in visual acuity, regardless of whether there was chronic persistent DME by 3 years. These findings also suggest that when ophthalmologists followed the retreatment and visit regimen used in this study, continued resolution of centralinvolved edema occurred in many eyes that had not resolved by 24 weeks, with more than half meeting our definition of resolution within 2½ years after the persistent DME was documented 24 weeks after initiating ranibizumab treatment. In addition, the results imply that few eyes lose vision despite chronic persistent DME through at least 3 years after initiating and continuing anti-VEGF treatment in the manner used in this DRCR.net protocol.
1-4 Thus, this analysis reveals that the current DRCR.net anti-VEGF treatment strategy, 1-4 including its approach to permit deferral of additional anti-VEGF in eyes with persistent DME that are stable (no longer improving) starting 24 weeks after initiating therapy unless DME worsens, is unlikely to result in substantial (≥2-line) loss of visual acuity, even when central-involved DME persists through 3 years.
